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FOREWORD

The LTPP Manual for Profile Measurements, Operational Field Guidelines, Version 3.1,
January 1999 is an update of the version 3.0 of the manual. Only specific sections and pages
were updated in Version 3.1, and the updated pages have “LTPP Manual for Profile

M easurements, January 1999” printed in the page header.

The following are the pages and sections that were updated in version 3.1 of the manual.
Pages i through xv that contain Foreword, Preface, Acknowledgments, Table of Contents
and List of Figures.

Section 2: Profile measurements using the K.J. Law Profilometer?, pages 2-1 through 2-
65.

Pages 3-17 and 3-18

Section 5: References, page 5-1.

A new Appendix, Appendix VI, “Profile Trouble Shooting Guide” has been added to the

manual.

The other portions of the manual have not been changed from the Version 3.0, and will have

the “LTPP Manual for Profile Measurement, July 1997” in the page header.
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PREFACE

The Long Term Pavement Performance (LTPP) program is a study of pavement performance
at nearly 3,000 in-service pavement sections throughout North America. The LTPP' sgoal is
to extend the life of highway pavements through various designs of new and rehabilitated
pavement structures, using different materials and under different loads, environments,
subgrade soil, and maintenance practices. The specific objectives of the LTPP program are to:
evaluate existing design methods;
develop improved design methods and strategies for the rehabilitation of existing
pavements;
develop improved design equations for new and reconstructed pavements,
determine the effects on pavement distress and performance of loading, environment,
materia properties and variability, construction quality, and maintenance levels;
determine the effects of specific design features on pavement performance; and

establish a national long-term pavement performance database

LTPP will collect data on in-service pavement sections over atwenty-year period. The data
collected at the test sections are stored in the LTPP Information Management System (IMS)
database. These datawill be used to achieve the goal and objectives of the LTPP program.

The collection of longitudinal profile data at each test section isamajor task of LTPP. The
left and right wheel path profile data for five repeat runs on atest section are stored in the
LTPPIMS. In addition, the International Roughness Index (IRI), Mays Index, Root Mean
Square Vertical Accderation (RMSVA) and Slope Variance, which are computed from the
profile data are also stored in the LTPP IMS.

This manual describes procedures to be followed when measuring pavement profiles for the
LTPP program using the K.J. Law Profilometer®, Face Technologies Dipstick®, and the rod
and level. Field testing procedures, data collection procedures, calibration of equipment,
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record keeping and maintenance of equipment for each of the profiling methods are described.
The primary device used to obtain pavement profile measurements for LTPPisthe K.J. Law
Profilometer®. However, when a Profilometer® is not available, the Dipstick® is used to
collect profile data. A rod and level can aso be used to measure pavement profileif a

Profilometer® or a Dipstick? is not available.

Vi
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1. INTRODUCTION

1.1 OVERVIEW OF THE LTPP PROGRAM

The Strategic Highway Research Program (SHRP) was a five-year, $150 million
research program which began in 1987. The research areas targeted under SHRP were:
asphalt, pavement performance, concrete and structures, and highway operations.
SHRP's Long Term Pavement Performance Program (LTPP) is afirst ever effort to
study pavement performance in different climates and soil conditions at nearly three
thousand in-service pavement sectionsin al fifty states of the United States and in
participating provinces in Canada. The LTPP program was designed as a twenty year
study. Thefirst five years of this program - 1987 to 1992 - were administrated by
SHRP, and since 1992, administration of the program has been the responsibility of
Federa Highway Administration (FHWA).

For purposes of pavement data collection and coordination, the United States and
participating Canadian provinces have been subdivided into four regions, each served
by a Regiona Coordination Office (RCO). The regional boundaries defining the

jurisdiction of each RCO are shown in figure 1.1.

1.2 SIGNIFICANCE OF PAVEMENT PROFILE MEASUREMENTS

The longitudinal profile along the wheel pathsin a pavement can be used to evaluate
the roughness of the pavement by computing a roughness index such as the
International Roughness Index (IRI). The change in longitudinal pavement profile over
time, which is directly related to changes in roughness with time, is an important
indicator of pavement performance. Hence, one aspect of the LTPP program isto
collect pavement profile data of in-service pavement sections for use in many

applications such as improving pavement performance prediction.
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1.3 PROFILE DATA COLLECTION

The primary means used to obtain pavement profile measurements for the LTPP
program is to profile test sections using a road profiler. Each RCO operates a
Profilometer® to collect datawithin its region. From the inception of the LTPP
program until the end of 1996, profile data at test sections were collected using a
Model 690DNC Inertial Profilometer® manufactured by K.J. Law Engineers, Inc. In
late 1996, each RCO replaced their Model 690DNC Profilometer® with aModel T-
6600 Inertial Profilometer® manufactured by K.J. Law Engineers, Inc. The operation
and maintenance of the Profilometer® and the storage of the collected data are the

responsibility of each RCO.

When a Profilometer? is not available, LTPP has elected to use the Dipstick®, which isa
hand operated digital profiler manufactured by Face Technologies, as a back-up

device to collect profile data. The Dipstick® is also used to obtain transverse profile
data in some circumstances. Each RCO contractor stores, maintains, and operates two

Dipsticks®.

A rod and level can also be used to measure pavement profiles if a Profilometer® or a
Dipstick? is not available, or where other special circumstance or requirements rule out
the Dipstick? or the Profilometer®. However, this method is very labor intensive and

not typically used within the LTPP program.

1.4 OVERVIEW OF THE MANUAL

This manual describes procedures to be followed when measuring pavement profiles
using the K.J. Law model T-6600 Inertial Profilometer®, Face Technologies Dipstick®
and rod and level. The manual covers the following:

1. Feld Testing

2. Data Collection

1-3
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3. Cdlibration of Equipment
4. Equipment Maintenance

5. Record Keeping
This document addresses those aspects of profile measurements that are relatively

unique to the LTPP program. Other references 2**® should be consulted for general

information.
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2. PROFILE MEASUREMENTSUSING THE K.J. LAW PROFILOMETER

2.1 INTRODUCTION

The K.J. Law Model T-6600 Inertial Profilometer® is a modified passenger van that is
equipped with specialized instruments to measure and record road profile data. The T-
6600 Profilometer® contains three infrared sensors with integrated accelerometers, a
longitudinal distance measuring transducer, a computer, signal conditioning electronics,
and power control equipment. The front bumper of the passenger van has been removed
and replaced with a structure that contains the three infrared sensors. One sensor is
located at the center of the vehicle, while the other two sensors are located along each
whedl path. The longitudinal distance measuring transducer is mounted in the center of
the left front wheel and measures the distance traveled by the vehicle and the speed of the

vehicle.

The system for measuring the road surface profile consists of the infrared displacement
sensors that measure the vertical displacement between the vehicle and the road, and an
integrated accelerometer in each sensor that measures vertical acceleration. Signals from
the non-contact sensors, accelerometers and distance measuring system are fed into a
computer which computes the profile of the pavement. Profile data are recorded at 25
mm intervals and stored on computer hard disk for further processing. During profile

measurement, the road profileis displayed on the computer terminal.

The Profilometer® is equipped with two photocells. One photocell is mounted laterally to
sense reflections from pre-placed cones on the side of the road, while the other photocell
is mounted vertically to sense reflections from pre-placed marks on the road surface. The
photocell is used to initiate profile data collection. The Profilometer® vehicle is equipped
with both a heater and air-conditioning units to provide a uniform temperature for the

electronic equipment in the vehicle. The Profilometer® can measure road profiles at

2-1
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speeds ranging from 16 to 112 km/h. The test speed is normally 80 km/h for the LTPP

program.

Detailed outlines of the operating procedures, calibration, and maintenance requirements
of the different Profilometer® components can be found in the manuals listed under

References.

2.2 OPERATIONAL GUIDELINES

2.2.1 General LTPP Procedures

Accidents: In the event of an accident, operator will inform the RCO as soon as possible
after the mishap. Details of accident should be reported in writing to the RCO. In
general, the corporate policy of the RCO should be followed in event of an accident. A

police report of the accident should also be obtained.

Maintenance of Records: Operator is responsible for preparing and forwarding the forms
and records to the RCO as described in section 2.7, which relate to testing and

maintenance of the Profilometer®.

2.2.2 Test Frequency and Priorities

The profile measurement frequency and priorities described in the latest FHWA directive
should be followed when profiling LTPP General Pavement Studies (GPS), Specific
Pavement Studies (SPS), Seasonal Monitoring Program (SMP) and Weigh in Motion
(WIM) sites. A copy of the latest directiveisincluded in Appendix IV; itisthe RCO’'s
responsibility to ensure that this directive be replaced with any subsequent releases.

2.2.3 General Operations

The following guidelines related to the general operation of the Profilometer® shall be
followed.

2-2
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2.2.3.1 Temperature Range

The interior vehicle environment is critical to the operation of the on-board computer.
Fixed disks operate with very close mechanical system tolerances and may be damaged if
subjected to large temperature variations or extremes. The vehicleis equipped with a
heater and an air conditioner to maintain interior temperatures within the required range.
The interior of the vehicle should be between 10 and 35 °C before power is applied to the

electronic equipment and the computer to protect them from damage.

2.2.3.2 Disk Drives

Saving files to the hard disk or floppy disks, or loading files from the hard disk or floppy
disks should not be done when the vehicle isin motion as this can destroy datafiles. The

computer's virtual memory should be used to record all data while the vehicleisin motion.

2.2.3.3 Hardware and Software

Do not add any hardware (extra drives or any other device) to the computer system
before contacting K.J. Law, through FHWA and its Technical Support Contractor (TSC)
to determine if they will interfere with profile programs. Interference of profile programs

due to additional devices may not be readily apparent.

The software supplied with the T6600 Profilometer® istightly integrated. Apart from
PROQUAL, other software should not be loaded on to the computer, unless specifically
approved in writing by FHWA. Such software could seriously degrade the performance

and accuracy of the system.

Procedures for installing the PROQUAL program are described in section 2.2 of the
PROQUAL manual ©. Theinstallation procedure installs the PROQUAL programin the
C:\PROF2 directory. PROQUAL uses the FHWACN.EXE program supplied by K.J.
Law to convert the Profilometer® binary files to ASCII data before loading data to

2-3
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databasefiles. In order for the PROQUAL program to operate correctly, the directory
KJL_SY ST which contains K.J. Law’ s software should be in the root directory of the C
drive. The FHWACN.DAT file should also bein the KJL_SY ST directory.

Profilometer® data files may be organized into subdirectories under C:\PROF2. For
example, New York sites could be stored in the directory C:\PROF2\NY. All profile data
files collected in New Y ork, which include those data from GPS, SPS, SMP, and WIM
sites can be placed in this directory. Alternatively, separate subdirectories may be created
for the different types of sections (GPS, SPS etc.) under the directory C:\PROF2\NY .

The FHWACN.EXE program limits length of directory path in which the binary “P’ files
can be converted to ASCII. Any directory that has along path (8 characters or longer)
will not run through the conversion program and thus no DBF files will be created from
the “P’ files.

2.2.3.4 Sensor Bar and Sensor Spacing

The sensor bar located in front of the vehicle is not designed to support the weight of any

personnel. Do not sit or stand on the sensor bar at any time.

The sensors located along each whee path should be at a distance of 838 mm from the
center of the vehicle. This sensor setup should result in a spacing of 1,676 mm between
the left and the right sensors. The center sensor should be located such that it is 864 mm

from the left sensor and 812 mm from the right sensor.

2.2.3.5 External Power Source

To use external power, plug power cord into a 120 volt source. Make sure that the
external power source is grounded before connection is made. Power switches of all

instruments and computer should be turned to the off position before connection is made
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to an external power source. The power will pass through the inverter to the system, and
approximately 4 amperes of charging current will be provided to batteries. Do not leave
power inverter system connected to an external power source for extended periods of time
since overcharging of batteries may result. It has been reported that an eectrical leak has
been detected in the front bumper of the vehicle when connected to an external power
source. The operator should exercise caution when working near the sensor bar (e.g.,

during calibration) as this condition can cause an electrical shock.

2.2.3.6 Tire Pressure

Theinflation pressure of the front tiresin the vehicle when it is used for testing should be
between 413 and 448 kPa (60 and 65 psi). Before testing atest section, the operator
should adjust the tire pressure of the front tires to ensure that the inflation pressureis
between 413 and 448 kPa (60 and 65 psi).

2.2.3.7 Major Repairsto Profile System Components

The LTPP Maor Maintenance/ Repair Activity Report should be filled whenever repairs
are performed on the profile system components such as the displacement sensor,

accelerometer, distance measuring system, and data acquisition system. The displacement
sensors, accelerometers, and the distance measuring system should be calibrated after such

repairs are performed.

After performing a major repair, the data collected by the Profilometer® should be checked
by using the following procedure to ensure that accurate data is being collected. In this
procedure a test section that has been profiled previoudly is re-profiled, and a comparison

is made between the profile data.

1. Select atest section that had been profiled recently, and is close to the current location

of the Profilometer®. When selecting the site, review comments that were made when
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this site was profiled to make sure that profile data available at this site is free of errors
and that no unexplained spikes are present in the data. It is recommended that GPS-3
and SPS-2 sites be avoided as significant variations in profile can occur on these
sections due to temperature effects.

. Profile the selected site and obtain an acceptable set of runs as described in section
2.2.5.

. Compare the collected data with previous data for the site. If a sensor or
accelerometer has been repaired or replaced, compare the IRI values as well as the
profile datafor that sensor. If the repaired or replaced sensor is the center sensor, only
the comparison of the profiles can be performed as IRI values for the center sensor are
not available.

. If the comparison indicates that the collected data is comparable with the previously
collected data, the profile system components are considered to be functioning
correctly. If discrepancies are noted, the comparison should be performed at  another
section. If discrepancies are still noted, K.J. Law Engineer’s Inc. should be contacted

to resolve the problem.

If amalfunction is detected in a sensor located along awhedl path, it may be replaced by

center sensor to continue data collection. The procedure for replacing the sensor is

included in Appendix V. The displacement sensor and the accelerometer should be
calibrated after the sensor is moved. A comment should be made in the Field Activity

Report (see Appendix 1) that the center sensor was not functioning. The malfunctioning

sensor should be repaired or replaced as soon as possible. Once the repaired or

replacement sensor is available, the center sensor which is now located at an outer

position (lIeft or right whedl path) should be moved back to the center position. The

repaired or replaced sensor should be installed at the location of the defective sensor

(either left or right whedl path). The center sensor as well asthe repaired/replaced sensor

should then be calibrated (displacement sensor and accelerometer). The procedures that

were described previously should be followed to ensure that the repaired/replaced sensor

is functioning correctly.
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2.2.3.8 Sensor Covers

The three sensors in the profiler are equipped with covers. The lower covers of the sensor
should be taken off when performing calibration of sensors, during daily calibration check
and bounce test, and when collecting profile data. The covers should be in-place when

testing is not being performed to protect the sensors.

2.2.3.9 Data From Previous Profile Visit

After collecting profile data at a Site, profiler operator is required to compare the profile
data as well asthe IRI with the data collected during the previous site visit as described in
Section 2.2.5.2. The profile data comparison between the visits is made using the multi-
year plot comparison option in PROFSCAN. Prior to setting out to profile asite,
operator must ensure that the data files that are required to do this comparison for the
previous Site visit are available. The operator should also have the IRI values for the site

from the previous visits.
2.2.4 Field Operations

2.2.4.1 Turnarounds

Applicable laws in each state regarding use of median turnarounds must be followed.

2.2.4.2 Flashing Sgnal Bar and Sgns

The flashing signal bar on the Profilometer® should be used during testing. In addition,
the sign “Caution Road Test” should be mounted at the back of the vehicle.

2.2.4.3 File Naming Convention

The file naming convention to be used in specifying name of datafile in the Run
Identification Menu (see section 2.3.5.2) is described in this section. Failure to adhere to

this file naming convention could produce errors and may even lock-up the computer
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when running PROQUAL.

The file name should consist of eight characters as follows:

1. Characters one and two: State code of state in which siteis located (e.g., 27 for
Minnesota).

2. Charactersthreeto six: Four digit site number. For GPS, SMP and WIM sites thisis
the four digit LTPP identification number (e.g., 1023). For SPS sites, the third
character should be O, A, B, etc., depending on project code (e.g., 0300, A300, B300,
etc.). Thefourth character for SPS sites is the experiment number (e.g., 2 for SPS-2
projects), while the fifth and sixth characters should always be zero.

3. Character seven: Letter code defining section type, G for GPS, Sfor SPS, W for
WIM, M for SMP or C for Calibration test sections.

4. Character eight: Sequential visit identifier code indicating the number of times a set of
profile runs has been collected at a site using the T6600 profiler. The letter “A” shal
be used thefirst time a set of runsis collected at a site, “B” for the second time, “C”
for the third time and so on. For rigid pavement test sections in the seasonal
monitoring program, a different character shall be used each time a set of profilesis
obtained during the day. If aregion has been using the sequentia visit identifier to
indicate the number of times a set of profiles has been obtained at the site since its
inception into the LTPP program, that procedure is also acceptable. In such case, the
letter “A” shall be used to denote the first time the site wag/is profiled by the RCOC,
whether with the DNC690 or T6600 profiler. Thereafter, this |etter shall be
sequentially increased (“B”, “C”, and so on) during subsequent profile data collection

vigts.

The following are examples of valid data file names:

1. 171002GA: GPS section 1002 in Illinois (state code = 17), profiled for the first time.
2. 260200SB: SPS-2 sitein Michigan (state code = 26), profiled for the second time.
3. 271018MB: Seasonal monitoring site 1018 in Minnesota (state code = 27), profiled
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for second time.
4, 270300SA and 27A300SA: SPS-3 sites having project codes 0 and A in Minnesota
(state code = 27), profiled for the first time

In cases where a GPS site and a WIM site are profiled in the same run, the letter “X”
should be used for seventh character instead of a“G” (e.g., 511023XA). When thisfileis
subdivided in PROQUAL, the data file name for the GPS site should be 511023GA while
that for the WIM site should be 511023WA.

If along SPS project is not profiled continuously, but profiled in groups of sections, the
sixth character in file name should be replaced by a character for each group. For
example, consider SPS-2 project in state 26 that is profiled as two groups of sections. The
file name for the first group could be 26020ASA, while that for the second group could be
26020BSA.

Thefirst two digits of the file name for a section must be valid state codes when
generating file names for demonstration purposes or comparative studies. PROQUAL will

not operate on datafiles that do not follow this convention.

2.2.4.4 Operating Speed

A constant vehicle speed of 80 km/h should be maintained during a profile measurement
run. If maximum constant speed attainable is less than 80 km/h dueto either traffic
congestion, or safety constraints, then a lower speed depending on prevailing conditions
should be selected. If speed limit at siteisless than 80 km/h, the site should be profiled at
posted speed limit. If siteisreatively flat, cruise control should be used to maintain a
uniform speed. It isimportant to avoid changes in speed during a profile run which may
jerk the vehicle or causeit to pitch on its suspension. Change in throttle pressure or use of

brakes to correct vehicle speed should be applied lowly and smoothly.

2.2.4.5 Event Initiation
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During profile data collection, the Profilometer® data collection program uses "event
marks' to initiate data acquisition. Event marks are generated by the photocell event
detector. The vertical photocell that detects the white paint stripe at beginning of the test
section should be used to initiate data acquisition. In those instances where existing paint
mark on pavement is not able to trigger photocell, the lateral photocell should be used. A
cone with the reflective marker or an FHWA approved device should be placed on the
shoulder at the beginning of the test section to initiate the lateral photocell. The photocell
event detector shall be the only run control initiation method used in all profiling

operations. The pendant shall not be used for initiation of profiling operations.

2.2.4.6 Recording Profile Data

The computer virtual memory will be used as the recording medium during profile runs.
After arun is completed, the driver should pull over to a safe location and come to a
complete stop so that data can be transferred to the hard disk prior to another profile run.
On sections where the turn around distance is relatively short, operator can complete all
runs before saving data to the hard disk. All data should be transferred to the hard disk
and a backup copy of these data made to lomega Zipa disk (section 2.2.4.8) before

leaving test section.

2.2.4.7 Inclement Weather and Other Interference

Inclement weather conditions (rain, snow, heavy cross winds) can interfere with the
acquisition of acceptable Profilometer® data. Profile measurements should only be
performed on dry pavements. In some cases, it may be possible to perform measurements
on a damp pavement with no visible accumulation of surface water. Under such
circumstances, the data should be monitored closely for run to run variations and potential
data "spikes'. The PROFSCAN program® should be used to detect spikes. This program
uses athreshold value of 2.5 mm to identify spikes. Spikes can occur dueto fied related
anomalies (e.g., potholes, transverse cracks, bumps) or due to eectronic conditions or

interference.
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Changing reflectivity on a drying pavement due to differences in brightness of pavement
(light and dark areas) may yield results inconsistent with data collected on uniformly
colored (dry) pavements. Run to run variations in data collected under such conditions
should be carefully evaluated. If problems are suspected, profile measurements should be

suspended until pavement is completely dry.

Electromagnetic radiation from radar or radio transmitters may interfere with
Profilometer® operations and data recording. If this occurs, operator should attempt to
identify and to contact the sourceto learn if atime will be available when the sourceis
turned off. If such atimeis not available, it may be necessary to schedule a Dipstick®

survey of the test section.

2.2.4.8 Data Backup

The profile data should be backed up to an lomega Zipa disk. All profile dataisto be
backed up to a Zipa disk using the lomega Zipa disk drive from the computer
immediately after testing is completed at a section. The operator should maintain alog for
each Zipa disk to document the files that arein the Zipa disk. The Profilometer® should
not leave atest site unless all data has been backed up. At the end of each day, an
additional backup copy of all Profilometer® test data collected on that day should be made
onaZipa disk. Therefore, at the end of each test day, there would be two Zipa disks
that contain the profile data that were collected on that day. One of this disks should be
kept in the Profilometer® (Profilometer copy) while the other copy (RCO copy) should be
forwarded to the RCO. Until the RCO copy is forwarded, the Profilometer copy must be
removed from the vehicle whenever testing is not in progress. No collected profile data
should be deleted from the hard disk until the RCO has informed the operator that the
RCO copy has been received and processed by the RCO. The Profilometer copy of the
Zipa disk can be recycled once the RCO informs the operator that the data has been

2-11



LTPP Manual for Profile Measurement, January 1999

received, processed and backed up. The RCO should backup the data following the
procedures outlined in the latest FHWA directive.

The operator should maintain a copy of the K.J. Law software and the Progqual softwarein

the vehicle in case software problems occur in the software installed in the computer.

2.2.4.9 End of Run and Operator Comments

The K.J. Law software allows the operator to enter comments at the end of each profile
run; those comments are hereafter referred to as “end of run” comments. Operators can
also enter comments about the profiled site after the PROFSCAN software is run; those
comments are referred to as “operator” comments. Both sets of comments can be up to 55
charactersin length and they are uploaded into the LTPP database or IMS.

The end of run comments entered for a group of sections profiled in onerun (e.g., SPS
site) are put into each individual file that is subsectioned from that profile run. Similarly, if
a GPS section is profiled in conjunction with a SPS site in one run, end of run comments
are common to all sections subsectioned from that profile run. Therefore, the operator
should ensure the end of run comments that are entered when several test sections are
profiled in one run are valid or applicable to al sectionsin that run (e.g. a weather related
comment). In this section, examples are provided separately for end of run comments and

operator comments with the suggested format for the comment.

End of Run Comments

As described previoudly, an end of run comment that is made when a group of sections are
profiled together is put into al profiles that are subsectioned. Therefore, an end of run
comment that is made in such cases should be common to all the sections that were
profiled in one run. To ensure uniformity between the end of run comments that are made

when a group of sections that are profiled together (e.g. SPS section) and when a section
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is profiled as an individual section (e.g. GPS section), end of run comments have been

grouped into the following three categories:

1. Good Profile Run
Comment used to indicate that profile run was good and that no problems were
encountered.

Example comment: Run OK.

2. Environmental Related Comments
Profile testing should not be performed when environmental conditions are so bad that
they can affect the quality of the data. If the operator believes there is a possibility
that the environmental conditions may have affected the quality of the data a comment
should be entered. An example of such a condition isawindy day.

Example comment: Heavy winds.

3. Speed Related Comments
The following are examples where a comment related to the speed of testing should be

entered:

() Speed limit at siteislower than 80 km/h specified for profile data collection.
Example comment: Speed limit at siteis 60 km/h.

(b) Heavy traffic, difficult to maintain a constant speed.
Example comment: Difficult to maintain constant speed, heavy traffic

(c) Difficult to maintain constant speed because of grade (uphill or downhill).

Example comment: Difficult to maintain constant speed, uphill.
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Operator Comments

Operator comments are entered when PROFSCAN is run. They can fal into one of the

following six categories:

1. Pavement Distress Related Comment
A comment should be made if there are pavement distresses or features within the
section that can affect the repeatability of profile data. The comment should specify the
distress(es) present which the operator believes to be causing the non-repeatability of

profile data. The following are examples where such comments may be entered:

(a) For asphalt concrete pavements distresses such as rutting, fatigue/ aligator
cracking, potholes, patches, longitudinal and transverse cracking.

Example comment: in section (enter distress type for blank).

(b) For concrete pavements distresses such as faulting, spalling, longitudinal and
transverse cracking.

Example comment: in section (enter distress type for blank)

(c) For pavements with a chip seal, acomment should be entered if chips are missing
in areas within the section.

Example comment: Chip seal section, chips missing

(d) Comment should be made if there are dips within the section.

Example comment:  Dipsin section.

2. Maintenance Related Comments
A comment should be made if operator is familiar with the test section and notes that
recent maintenance and/or rehabilitation activities (e.g., overlays, patches, crack filling

or aggregate seals) have been performed on that section. The operator should
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specifically make a note if overband type crack filling has been performed on the
section.

Example comment: Recent maintenance in section, patches.

. Whed Path Tracking Related Comments
A comment should be entered if operator encountered problems in tracking the wheel
path. Such comment should be entered if one or more of the following conditions are
encountered:
(@) During profile run, path followed was either to the l€eft or to the right of whed
path.
Example comment: Run right of wheel path.

(b) Difficulty in holding whedl path due to pavement distress(es) such as rutting.
Example comment: Difficult to hold whedl path, rutting.

(c) Difficulty in holding whed path due to truck traffic.
Example comment: Difficult to hold whedl path, traffic.

(d) Difficulty in holding whed path due to wind.
Example comment: Difficult to hold wheel path, windy.

(e) Difficulty in holding whed path because of grade, either uphill or downhill.
Example comment: Difficult to hold whedl path, uphill.

(f) Difficulty in holding whedl path because section ison acurve.

Example comment: Difficult to hold whed path, curve.

. Location of Test Section Comments

A comment should be entered if the location of the section has a potential impact in

obtaining repeatable profile runs. Such conditions include:
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(a) Section or approach to section is on acurve.

Example comment: Approach to section on curve.

(b) Section or approach to section is on a grade (uphill or downhill).

Example comment: Section on a downhill.

. Miscdlaneous Other Comments

A comment should be entered if conditions other than those not covered previously
are encountered during profiling that may affect the quality of the data. Such

conditions include:

(@) Contaminants on road such as sand/gravel or dead animals.

Example comment: Sand on road.

(b) Traffic or weigh in motion (WIM) loops within test section.

Example comment: WIM loops within section or Traffic loops in section.

(c) Color variability of the pavement because of salt application.
Example comment: Color variability caused by salt.

(d) Excessive vehicle movements just prior to test section because of pavement
condition.

Example comment: Core holes on whedl path before section.

. Spike Related Comments

After the PROFSCAN program is run, the operator should look for the presence of
spikesin the data. If present, enter comment indicating whether or not the spikes are
pavement related -- comment is entered in PROFSCAN.
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Example comment: Pavement related spikesin profile.

Asindicated earlier, the end of run comments can be up to 55 charactersin length. If no
problems were encountered during the run, the comment “Run OK” should always be
entered as an end of run comment. If there were weather/environmental related comments,
or speed related comments these should be entered following the guiddlines that were

presented previously.

Operator comments can also be up to 55 charactersin length. If spikes are observed in the
profile, it is mandatory for the operator to enter a comment regarding these spikes after
running the PROFSCAN program indicating whether or not they are pavement related.
Because of the 55 character constraint, it may not be possible to type in al of the
applicable factors from the list of factors that were described previoudly. Therefore, when
entering comments, it is recommended that the following order of priority (with the first
factor listed being given the highest priority) be followed: Wheel Path Tracking Related
Comments, Pavement Distress Related Comments, Maintenance Related Comments,
Miscellaneous Other Comments and Location of Test Section Comments. It should be
noted that the comments are used to indicate factors that could affect the quality of data
or to indicate factors that cause variability between profile runs. Depending on the
conditions encountered in the field, the recommended priority order may be changed with
the factor having the greatest effect on quality or repeatability of profile data being listed
first. If there are factors that cannot be entered because of space constraints, such factors
should be entered in the LTPP Profilometer Field Activity Report (under the field
Additional Remarks Regarding Testing). (Note: if afactor has been entered as an operator
comment into PROFSCAN, it should not be repeated in the Field Activity Report).
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2.2.5 Number of Runs

This section describes the procedures to be followed to obtain an acceptable set of profile
data at asite.

2.2.5.1 Obtaining an Acceptable Set of Runs

During each run, the computer terminal displays the profile of the left and the right whed
paths, however, IRI values are not displayed at the end of the run. After obtaining five
profiler runs, the operator should select the “Off Line Menu Option” from the main menu.
Once this option is selected, the following menu is displayed (directory C:\PROFILES is

used as an example):

A> CURRENT DIRECTORY C:\PROFILES
B> RUN PROFILE HEADER EDITOR

C> DISPLAY DATA

D> PRINT CALIBRATION ARCHIVE FILE
E> PRINT FIELD ACTIVITY REPORT

[ PRINT FIELD ACTIVITY REPORT SPS
G> SPIKE DETECTION PROGRAM

H> PROFILE GRAPHICAL COMPARE PROGRAM
> IRI COMPARE PROGRAM

N> PROFILE PARSE PROGRAM

K> BACKUP PROFILES PROGRAM

X> EXIT TO MAIN MENU

Operator can use the “Display Data’ option in this menu to view and print the recorded
data. The“IRI Compare Program” option may be used to compute the IRI values of the

profiler runs. The following procedures should be followed to perform these tasks.

View and Print Profile Data

Data recorded by the left, right and center sensors for one profiler run should be printed
using ether the “Display Data”’ option from the above menu, or PROQUAL program. For
each profile run, the left, right and center profiles should be visually compared. If thereis

amalfunction in the center sensor, this will be seen from comparison of the three profiles.
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It isimportant that this comparison be made, asit is the only quality assurance check that

is performed on data collected by the center sensor.

Compute IRI Values

The “IRI Compare Program” option may be used to obtain IRI values of the five runs.
IRI values will provide the operator with an indication of the run to run variability that is
present at the Site. The degree of run to run variability in IRI within a section, under
normal operating conditions, will usually depend on the pavement roughness. On new
asphalt concrete overlays or new portland cement concrete pavements, IRI variation
between runs will be small. Alternatively, rough pavements will generally cause larger

variability in IRI between runs.

Once the operator is confident that a minimum of five error free runs have been obtained,
acceptability of the profile runs based on LTPP criteria has to be evaluated using the
PROFSCAN program. © This procedure is described in section 2.2.5.2.

2.2.5.2 IRl from PROFSCAN

After the operator obtains five runs at a site, the PROFSCAN program should be used to
determineif they satisfy the LTPP criteria. This program is one of several in the suite of
PROQUAL programs. Procedures for running the PROFSCAN program are described in
Section 3.1 of the PROQUAL manual. ©

Figure 2.1 shows the parameter screen of the PROQUAL program. Operator should

ensur e that the parameter settings described below ar e shown on the screen.
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S ztem nalyze ata eport Ba kup indow dit ain
[ ANALYEIE PARAMETERS 1
Prof ilometer Serial Ho.: 99999
Dipstick Serial Humber : 99999

Prof ilometer Model Manufacturer: TeeHH-K.J. LAW ENG.
Dipstick Model-/Manufacturer: ZHHH ~FACE TECH.

IRI Model: WB46

Spike threshold: 2.9 nn

Fault Threshold: 8.8 mmn

Index Summary Interval: [38.888 mn

Seed: [X]1 11 m into run

Runming Average:
¥# Tolerance on mean:
¥ Tolerance on Standard Dewviation:

RMSUA — Baze Length:
Slope Variance — Interval:

Mayz Coefficients:
First Second Third

« QK =

Figure 2.1 Parameter Screen in Profscan

Profilometer®Serial No: Last five digits of Profilometer® vehicle identification number.

Dipstick Serial Number: Not applicable; set to 99999.

Profilometer Modd/Manufacturer: Mode should be T6600 and manufacturer K.J. LAW
ENG.

Dipstick Model/Manufacturer: Not applicable; can be left at default value shown
in Figure 2.1.

IRl Modd: Should indicate WB46.

Spike Threshold Vaue: Value should be 2.50.

Fault Threshold: Value not used in computations, set to 0.80.
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Index Summary Interval: Summary interval at which IRI is displayed when IRl values are
computed; set to 30 m.

Seed: Specify “X” in box.

Running Average: Set to 150.0 mm.

% Tolerance on Mean: Set to 1.0.

% Tolerance of Standard Deviation: Set to 2.0.

RMSVA - Base Length: Vaue not used in computations; set to 300 mm.

Slope Variance - Interval: Value not used in computations; set to 300 mm.

Mays Coefficients: Set coefficients to the following values: first - 20, second - 23, and
third 58, respectively. These coefficients are used to compute Mays Output in the
PROQUAL program.

The PROFSCAN program uses collected profile data to compute IRI values for both the
left and right wheedl paths, as well as the average IRI of the two whedl paths. The
PROFSCAN program also generates a report of spikes present in the pavement profile.
Profilometer® runs at a site are accepted if the average IRI of the left and right wheel
paths satisfies the following LTPP criteria:

1. IRI of threeruns are within 1% of mean IRI of selected runs.

2. Standard deviation of IRI of sdected runsiswithin 2% of mean IRI.

If PROFSCAN indicates that the five runs are not acceptable, the procedures described in
Section 2.2.5.3 should be followed.
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If PROFSCAN indicates that the five runs are acceptable, but spikes are present in the
data, operator should determine if they are pavement related or the result of equipment or
operator error. Operator should examine plots of al profile runs for discrepancies and
features that cannot be explained by observed pavement features, and also study the spike
reports. Operator should use the multi-run plot in PROQUAL to do this comparison (see
Section 3.3.5 of PROQUAL Manual). If there are spikes believed to be caused by
operator or equipment error, operator should correct cause of the anomalies and make

additional runs until five runs free of equipment or operator errors are obtained.

As afurther check on the data, the operator should compare the current profile data with
those obtained during previous site visit. Operator should also be familiar with the trouble
shooting guide included in Appendix V1. The materia presented in this appendix describes
common errors that occur during profiling and is a valuable tool in identifying problems

when profiles are being compared.

As specified in Section 2.2.3.9, operator must have profile data for site from previous site
visit. The comparison between current profile data and those from the previous visit
should be performed using the multi-year plot comparison option in the PROFSCAN
software (section 3.3.5 of PROQUAL Manual). This comparison should be performed
separately for the left and right whedl paths. Operator should select a minimum of one
profile run from the current set of profile runs and compare it with one profile run
collected during previous site vigit. If differences are observed between those two profile
runs, further comparisons should be made using the remaining runs from both the current
and previous vigit. If there are still discrepancies between the runs, operator should verify
that these differences are not caused by equipment problems or due to incorrect
subsectioning in SPS test sections. Operator should also explore if the differences are due

to pavement maintenance activities on the test section.

After the profile comparison is completed, an IRl comparison of current versus previous

site visit data should be performed using procedures described in Section 2.2.5.4.
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If IRI from Profilometer® runs meet LTPP criteriain the PROFSCAN software and
operator finds no other indication of errors, no further testing is needed at that site. If
PROFSCAN indicates that the five runs do not meet the established criteria, follow the
procedures described in Section 2.2.5.3.

2.2.5.3 Non-Acceptance of Runs by PROFSCAN

Profiler operator is responsible for carefully reviewing profile datato determineif ahigh
degree of run-to-run variability isindicative of “bad” data or indicative of a pavement with
a high degree of transverse variability. If runs do not meet LTPP criteria, operator should
perform the following steps to determine if variability is the result of equipment/ operator

errors, environmental effects, or pavement related.

1. Review end of run comments and assess the following factors to determine if any of
them could have affected the collected data: passing trucks, high winds, rapid

acceleration or deceleration of vehicle.

2. Review spike report generated by PROFSCAN to determine if spikes are the result of
field related anomalies (e.g., potholes, transverse cracks, bumps) or due to electronic
failure or interference. This can be determined by reviewing the PROFSCAN reports
and observing if spikes occur at the same location in al runs. Operator should also
examine al profile plots for discrepancies and features that cannot be explained by
observed pavement features. PROFSCAN provides the user with the capability to
compare multi-run plots (Section 3.3.5 of PROQUAL Manual). This feature should be

used to compare data between runs when analyzing differences between profiler runs.

3. Compare current profile data with those collected during previous site visit. This
comparison can be performed using the multi-year plots option in the PROFSCAN
software (Section 3.3.5 of PROQUAL Manual). This comparison may indicate

potential equipment problems.
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If variability between runs or spikes are believed to be operator related or equipment
error, identify and correct cause(s) of anomalies and make additional runs until a minimum

of five runs free of equipment or operator errors are obtained.

Where data anomalies are believed to be caused by pavement features, rather than errors,
a total of seven runs should be obtained at that section and evaluated using the
PROFSCAN software. If data from last two runs are consistent with those from first five
runs in terms of variability and presence of pavement-related anomalies, no further runs
are required. If data from last two runs differ from those for first five runs, operator
should re-evaluate cause of variability or apparent spike condition. If no errors are found,

obtain two additional runs and terminate data collection at that section.

Thereafter, the IRI values along the left and the right whedl paths should be compared
with the IRI values obtained during the previous test section visit as described in Section
2.254.

2.2.5.4 Comparison of IRl with Previous Values

The operator should have the IRI values obtained along the left and the right wheel path
for the previous profile test dates for al test sections. Once the operator obtains an
acceptable set of runs at a test section, the IRI values along the left and the right wheel
paths should be compared with the IRI values that were obtained for the previous test date
for the section. The operator should determineif the current IRI value along either the
left or the right wheel path is higher or lower than 10 percent of the IRI value at the test
section from the previous test date. If the difference in IRI is greater than 10 percent, the
operator should seeif the cause for the change in IRI could be related to a pavement
feature (e.g. maintenance activity, cracks or patches along whed path). If the cause for
the change can be observed, it should be noted in the comments field in PROFSCAN.
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23 FIELD TESTING

2.3.1 General Background

The procedures to be followed each day prior to and during data collection with respect to
daily checks of vehicle and equipment, start-up procedures, setting up software for data
collection and using software for field data collection are described in the following

sections.

The following sections will describe the procedures to be followed when testing General
Pavement Studies (GPS) sections. Some of the procedures to be followed for testing
Specific Pavement Studies (SPS) sections are different than the procedures for GPS
sections. section 2.4 of this manual outlines the procedures for SPS sections which differ

from those for GPS sections.

2.3.2 Daily Checks on Vehicle and Equipment

Operator should follow the "Daily Check List" form given in Appendix | and perform al
checks outlined at the start of day. It is not necessary to fill in thisform. Thisform can be
placed inside a plastic cover, and operator can go through items listed and make sure that
everything isin proper working condition. Operator should maintain alog book in the
Profilometer® to note any problems when going through the checklist. The suggested
format of the logbook isincluded in Appendix I.

2.3.3 Setting Up the Software

In order to maintain the computer and various associated equipment, care must be taken
to either cool or warm the equipment to the operating temperature described in section
2.2.3.1 prior to turning on the power. Electronic equipment in the Profilometer® should

be turned on for about 30 minutes prior to testing in order for the electronicsto stabilize.
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The MS-DOS commands “Date”’ and “Time" should be placed in the AUTOEXEC.BAT
file so that when the computer is turned on it will prompt operator for date and time. This
will ensure that data files have the correct date and time stamp. The time should
correspond to that of the time zone where the section is located. When the computer
prompts for date and time, operator should check if current values are correct. If they are
correct, operator can press the “Enter” key at each prompt. If they areincorrect, correct

values should be entered. When system boots up, it will display the following main menu.

A> RUN PROFILE

B> CALIBRATION

C> DIAGNOSTICS

D> DISK UTILITIES

E> DISPLAY DATA

(> CONVERT PROFILE
G> OFF LINE MENU

X> EXIT TO DOS

Enter LETTER or Position And Press Enter - Press X to EXIT

2.3.4 Calibration Checks

The following calibration checks should be performed daily before profile measurements
are taken.

1. Displacement Sensor Check

2. Bounce Test

The power to the eectronic equipment should be turned on for about 20 minutes prior to

performing either of these two tests so that the el ectronic equipment would warm up and
stabilize.
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2.3.4.1 Displacement Sensor Check

The displacement sensor check should be performed every day prior to data collection.
This check isatest of the displacement sensors to determineif they are within tolerance.
The check should be carried out in an enclosed building or at alocation where the vehicle
is protected from wind. Alternatively, the vehicle can be parked on the side of a building
to protect it from wind during this check. It is recommended that this test be performed at
a shaded location as it has been noted that sunlight could cause some interference with the
readings. The vehicle should also be parked on alevel surface with the engine turned off
when performing thistest. A hand-level placed on the sensor bar can be used to verify
that the sensor bar islevel when thistest is performed. The sensors should be cleaned
prior to performing thistest. Operator should adjust computer monitor so that it can be
seen from outside the vehicle, and the keyboard should be placed on the floor of the van.
Do not enter, bounce or bump vehicle, or lean on vehicle when this check is performed.
To begin the calibration check, seect “Calibration” from the main menu. The following

calibration menu will then be displayed:
A> CALIBRATE IR SENSORS
B> DISPLAY IR SENSORS

C> CALIBRATE ACCELEROMETER
D> DISPLAY ACCELEROMETERS

E> CALIBRATE WHEEL PULSE ENCODER
~ ENTER CALIBRATION VALUES

G> STORE CALIBRATION VALUES
H> PRINT CALIBRATION VALUES

> DISK UTILITIES
> HELP
X> EXIT

Enter Letter Or Position and Press Enter - Press X to EXIT
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The following procedure should be used to check calibration of the sensors.

1. Follow steps 1 through 6 described in section 2.5.2 of this manual.

2. Follow step 7 described in section 2.5.5 of this manual and press the “F1” key to
obtain height of block. If height of block displayed on screen iswithin + 0.25 mm of
25 mm (which is height of block), sensor has passed calibration check. Then pressthe
“ESC” key and the software will prompt user if he/she wants to leave the calibration
program. A “Yes’ answer followed by the “ESC” key will take user out of the
calibration program.

If height of block displayed is outside tolerance of + 0.25 mm, then exit Cdlibration
Program as described, and repeat calibration check five times and compute the average
height and check if the average height is within tolerance. If tolerance cannot be
achieved, move the vehicle to another location and repeat the calibration check. If the
tolerance cannot be achieved, the operator should calibrate the sensors following the
procedures outlined in section 2.5.2, and save the calibration factors.

3. Perform calibration check for other two sensors following the approach as described in
steps 1 and 2.

4. If asensor failsthe calibration check and has to be calibrated, the operator should re-
evaluate profile data that was collected during the previous day. If there- calibrated
sensor was in either the left or the right whedl path, the IRI values obtained should be
compared with IRI values obtained from previous profile dates. If data problems are

suspected, such sections should be re-profiled.

2.3.4.2 Bounce Test

The bounce test should be performed every day prior to data collection; vehicle engine
should be turned off while performing test. The profile generated during this test (when
vehicleis “bounced”) is recorded. If the IRI value (average of left and right whedl path

IRI) isless than 0.10 m/km, both sensors are considered to be functioning properly.
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Printouts of the left and right sensor profiles are aso generated and visually compared to

that for the center sensor in order to verify that the center sensor is functioning properly.

Because pavement surface texture can affect the IRI values obtained from the bounce test,

operator may place a smooth rubber mat or other such standard surface below the sensors

when performing the bounce test.

The specific procedure for conducting the bounce test is as follows:

1.
2.
3.

Take covers off the sensors and wipe sensors carefully with a cloth to clean them.
Select “Run Profile’ from Main Menu.

Sdlect “System Setup” from “Run Profile Menu” (see Section 2.3.5). Change
“Graphics Scale” to 3.12 mm in System Setup (see Section 2.3.5.1) by toggling the
“Enter” key. Then, select “Test Mode Oscillator” and toggle the “Enter” key so that
it is enabled. Exit menu to go back to Run Profile Menu.

Select “Run Identification” from Run Profile Menu (see Section 2.3.5). Select
“Output File Name” from Run Profile Menu (see Section 2.3.5.2) and type afile
name. Exit menu to go back to Run Profile Menu.

Select “Run Control” from Run Profile Menu (see Section 2.3.5). Select “ Start
Record Method” from the Run Control Menu (Section 2.3.5.5) and toggle the
“Enter” key so that the Start Record Method is “pendant.” Next, select “ Stop
Record Method” and toggle the “Enter” key so that the Stop Record Method is
“distance.” Set Stop Record Distance to 300 m. Exit menu and go back to Run
Profile Menu.

Select “Options Setup” from Run Profile Menu (see Section 2.3.5). In Options
Setup Menu (see Section 2.3.5.6), set Profile Index Typeto “IRI”, Profile Index
Avg Interval to “150 meters’, and Profile Index Wheel Path to “both.” Exit menu
and go back to Run Profile Menu.

Select “Run Profile (L>)" from Run Profile Menu (see Section 2.3.5). Then, press
space bar on keyboard or operator pendant to start recording profile data and
immediately proceed to Step 8.
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Note:  Thereisatime lapse between the time the operator presses the space bar
key or pendant and the time when the vehicle is bounced. Since the Stop
Record Distanceis set to be 300 m (see Step 5) and the IRI for evaluating
the bounce test is computed for the distance between 150 m and 300 m
(see Step 6), the operator must ensure that the vehicle is being bounced as
described in Step 8 before the recording distance of 150 m is reached.
Stand on rear bumper of vehicle and jump on bumper or use one hand on rear of
bumper and one hand on the gutter rail of the vehicle to induce a pitching motion on
the vehicle. This motion should pitch the vehicle along the longitudinal direction
with no sideways motion. This motion should corresponds to a 12 mm displacement
of the bumper for each bounce (i.e., distance from highest position to lowest
position is 12 mm during bouncing). Because the IRI value is computed for the
distance between 150 m and 300 m (see Step 6), the vehicle must be bounced for the
complete time duration corresponding to these limits. If for any reason, the bouncing
of the vehicle commences after the 150 m has been reached, the test is considered
invalid and must be repeated.
Stop bouncing when the end of run auditory signal is heard. Again, operator must
ensure that vehicle is bounced until end of run. It is recommended that the operator
perform atrial run and obtain atime estimate of how long it takes for the end of run
to be reached. This time estimate should be used to bounce vehicle in those cases the
test is performed at a location where the end of run auditory signal cannot be heard
(e.g. traffic noise).
Exit program, use DOS “edit” command to open “I file’ containing IRI values, and
note the IRI value indicated for the 150 to 300 m recording distance. If the IRI value
(average of left and right whedl path) is less than or equal to 0.10 m/km between
these limits, both sensors are considered to be functioning properly.
Go back to Main Menu (see Section 2.3.3) and sdlect “ Off Line Menu.” Select
“Profile Graphica Compare Program” from the Off Line Menu, and from the
displayed menu select “ Graphic Compare Profiles.” Type the filename that was
entered in Step 4 (use correct path).
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Set Begin to “1507, Track to “al”, and Print Port to “enabled.” Then, press
“Return” to plot the graph. The plot will show the data recorded by the left, right
and center sensors between 150 and 300 m. Compare printout of data recorded by
the three sensors to verify the center sensor is functioning properly.

If the IRI value from Step 10 exceeds 0.10 m/km or the printout from Step 12
indicates that there may be a problem with the center sensor, repesat the test two or
three times to seeif the specified conditions can be achieved. If these conditions are
satisfied, the sensors are considered to be working properly.

If the specified conditions (Steps 10 and 12) cannot be achieved, move the vehicle
and perform the test at a different location. If the specified conditions still cannot be
achieved, contact K.J. Law Engineers, Inc. for advice. It has been observed that
flakes can form inside the infrared sensors due to corrosion and they can have a
significant effect on the bounce test results. The inability of the sensors to achieve

the specified tolerance could be related to this condition.

If an error in the equipment is found and fixed, the operator should re-evaluate the profile

data that was collected during the previous day. If the problem was in a sensor that is

located either in left or the right wheel path, the IRI values obtained during the previous
day should be compared with those obtained from the last visit to that site. If data

problems are suspected, such sections should be re-profiled.

A default header containing the information necessary to conduct the bounce test can be

created, saved and recalled at alater time whenever the bounce test is performed.

When profile data are viewed through the K.J. Law off-line program, the left and right

whesdl path profiles are displayed on the monitor, with the Ieft profile at the top and the

right profile at the bottom. Pressing the “+/=" key on the keyboard toggles the top display

between the left and center sensor.
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After operator completes calibration of displacement sensors and accelerometers (see
Section 2.5), a bounce test should be performed and a printout of the profile recorded by
the left, right and center sensors should be obtained. As all equipment should be
functioning properly after a calibration, the magnitude of displacementsin the printout can
be used as a standard against which to compare the magnitude of displacements observed
in thefield. If different, it should aert the operator that there is a potential problem with
the sensors. The operator should save the output obtained from the bounce test after it is
calibrated, and use the “Profile Graphical Compare Program” to compare this profile to
profiles obtained when the bounce test is performed in the field.

2.3.5 Entering Header Information

Before collecting profile data at a section, operator must go through a series of header
menus in the software and input data relevant to that section as well as change severd
default settings in these menus. The main menu that is displayed on the computer termind

is shown below.
MAIN MENU

A> RUN PROFILE

B> CALIBRATION

C> DIAGNOSTICS

D> DISK UTILITIES

E> DISPLAY DATA

F> CONVERT PROFILE
G> OFFLINE MENU

X> EXIT TO DOS

Enter LETTER or Position And Press Enter - Press X to EXIT

To begin process of entering header information, select A (Run Profile). The following
menu will then be displayed:

RUN PROFILE MENU
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A>  SYSTEM SETUP

B> RUN IDENTIFICATION

C> RUN LOCATION

D> RUN CONDITIONS

E> RUN CONTROL

[ OPTION SETUP

G>  STORE HEADER INFORMATION
H>  RECALL HEADER INFORMATION
> PRINT HEADER INFORMATION
> CREATE NEW HEADER

K> HELP

L> RUN PROFILE (DEFAULT.P1)
M>  TRANSFER FROM RAM TO DISK
N>  DISPLAY LAST RUN

O>  DISK UTILITIES

x> EXIT

Enter LETTER Or Position And Press Enter - Press X to EXIT

To create a new header file, operator should select “J (Create New Header)”. The
program will then go through the following menus to create the header file.

1. System Setup

2. Run ldentification

3. Run Location

4. Run Conditions

5. Run Control

6. Options Setup

The first menu displayed will be the System setup menu which is described next.

2.3.5.1 System Setup

The following parameter settings should be used for the System Setup.

A> FILTER WAVELENGTH . 100 (meters)
B> GRAPH LENGTH . 400 (mtr)
C> GRAPHICS SCALE ;50 (mm)

D> FILTER INITIALIZE ON RECORD . DISABLE
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E> INDEX PAUSE ON RECORD . DISABLE
~ PRINT HEADER ON EXIT . DISABLE
G> PRINT INDEX FILE ON EXIT . DISABLE
H> PROFILE STORAGE . ENABLE
> DRIVERS DISPLAY UNITS : METRIC

N> FORM FEED PRINTER )

K> TEST MODE OSCILLATOR . DISABLE

L> COMMENTS

X> EXIT MENU

Enter LETTER Or Position and Press Enter - Press X to EXIT

The Graphics Scale refers to the y-axis scale that is displayed on the screen when
collecting profile data. A value of 50 mm should be sufficient for most roads. Rough
roads may require a greater value. Selecting “ Graphics Scale’” and pressing the “Enter”
key will toggle through the available values for Graphics Scale. For rough roads operator
may select a suitable value based on experience. Thevaluethat is selected for Graphics
Scale affects how datais displayed on screen, but does not have any effect on datathat is

collected and recorded.

The operator should press “X” to proceed to the next menu, which is the Run

|dentification Menu.

2.3.5.2 Run Identification

An example of a completed Run Identification menu is presented below.

A> RUN NUMBER 1

B> OUTPUT FILE NAME . 364018MC
C> OUTPUT FILE DIRECTORY . PROFILES
D> AUTO FILE NAME INCREMENTING . ENABLE
E> OPERATOR/DRIVER . CK/IRS

[ VEHICLE IDENTIFICATION . 68663
G> FLOPPY DISK NUMBER :
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H> COMMENTS

X> EXIT MENU

Enter LETTER Or Position And Press Enter - Press X to EXIT

The following fields in the Run Identification menu should be filled by the operator: Run
Number, Output File Name, Output File Directory, Auto File Name Incrementing,
Operator/Driver, and Vehicle Identification. The entries that should be entered for each of
these items are described next.

Run Number: Set to 1.

Output File Name: Specify based on file naming convention described in section 2.2.4.3.

Output File Directory: Directory where data files will be saved; enter an appropriate
directory. If file directory does not exist, it will be created.

Auto File Name Incrementing: Set to ENABLED.

Operator/Driver: Enter names of operator and driver. Each person should be identified by
atwo digit character; first letter of ther first and last name. Operator and driver names
should be separated by a backdash (e.g., CK/RS). If profiler is used as a one person
operation, operator and driver name would be the same (e.g., CK/CK).

Vehicle Identification: Enter last five digits of the vehicle identification number (VIN).

Once operator has completed entering the required data, pressthe “X” key to advanceto

the next menu, which is Run Location.

2.3.5.3 Run Location

2-35



LTPP Manual for Profile Measurement, January 1999

The Run Location menu is presented below.

A> ROAD DESCRIPTION

B> LANE MEASURED )
C> DIRECTION : NORTH
D> HORIZONTAL OFFSET :
E> BEGINNING DESCRIPTION

~ BEGINNING STATION

G> BEGINNING KILOMETER POST

H> ENDING DESCRIPTION

> ENDING STATION

> ENDING KILOMETER POST

K> COMMENTS

L> EDIT EVENT DESCRIPTIONS

X> EXIT MENU

Enter LETTER Or Position And Press Enter - Press X to EXIT
The following entries should be made in this menu.
Road Description: Enter route number where section islocated (e.g. 1-88).

Lane Measured: Enter Inside (Inside Lane) or Outside (Outside Lane). The outside laneis
the lane adjacent to the shoulder at the right edge of the road.

Direction: Select appropriate lane direction (North, East, South or West); use “Enter” key

to toggle between directions.

Once these data items have been entered, press “X” to advance to the next menu, which is

Run Condition.

2.3.5.4 Run Conditions

The Run Condition menu is presented below.
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A ROAD SURFACE MATERIAL
B ROAD CONDITION

C TEMPERATURE

D CLOUD CONDITIONS

E COMMENTS

X EXIT MENU

Enter LETTER Or Position And Press Enter - Press X to EXIT

The menu items that need to be entered are: Road Surface Material, Road Condition,

Temperature, Cloud Conditions, and Comments.

Road Surface Material: Valid entries for road surface type are A-CC for asphalt surfaced
pavements and P-CC for Portland Cement Concrete surfaced pavements. The notations
A-CC and P-CC must be used, otherwise an error message will be generated when the
PROFSCAN program is run.

Road Condition: Describe surface condition of pavement; use V. Good (Very Good),
Good, Fair or Poor. The following guidelines should be used to determine the road
conditions. The severity levels that are described correspond to the definitions given in the
LTPP Distress |dentification Manual .

1. V. Good: Pavement does not show any distress.

2. Good: Pavement exhibits few visible signs of surface deterioration. Asphalt surfaced
pavements may show low severity cracks, and Portland Cement Concrete (PCC)
pavements may show low severity cracks and spalling.

3. Fair: Typical distresses on asphalt concrete surfaced sections can include the following
distresses in alow to medium severity - rutting, block or edge cracking, transverse and
longitudinal cracking, and patching. Typical distresses on PCC pavements can include
the following distresses in alow to medium severity - spalling, transverse and

longitudinal cracking, faulting, and patching.
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Poor: Pavements in this category have deteriorated to such an extent that they affect
the speed of free-flow traffic. Typical distress on asphalt surfaced sectionsinclude the
following distresses in a medium to high severity - rutting, transverse and longitudinal
cracking, potholes. Typica distress on PCC pavements can include the following
distresses in a medium to high severity - spalling, transverse and longitudinal cracking,

faulting and patching.

Temperature: Air temperature (in degrees Centigrade) at time of test.

Cloud Conditions: Describe cloud conditions as follows: Clear, P. Cloudy (Partly Cloudy),

or Cloudy. Usethe following guidelines: Clear - sunny sky, Cloudy - sun cannot be

observed, P. Cloudy - sun is sometimes covered by clouds.

Once these fields have been completed, press “X” key to advance to the next menu, which

is Run Control.

2.3.

5.5 Run Control

The following parameter settings should be used in the Run Control Menu.

A>
B>
C>
D>
E>

>
G>

H>
>
>

K>
X>

DM| . ENABLE
DMI UNITS . METERS

DMI START VALUE : 0.0 (meters)
DM DIRECTION © ASCENDING

DMI| START METHOD . PROFILE RECORD
START RECORD METHOD . PHOTOCELL
START RECORD DM| DISTANCE :

STOP RECORD METHOD . DISTANCE

STOP RECORD DISTANCE . 152.50 (Meters)
ACTIVE PHOTOCELL . VERTICAL
COMMENTS

EXIT MENU
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Enter LETTER Or Position And Press Enter - Press X to EXIT

The above parameter settings are required in the Run Control Menu.

Note that the Start Record Method is *“Photocell”. Pointer should be placed over this
menu item and the “Enter” key should be pressed to toggle through available entriesin this
fidd until “Photocell” is selected.

The Stop Record Method should be Distance. Pointer should be placed over this menu
item and the “Enter” key should be pressed to toggle through available entriesin thisfield
until distance is selected.

The Stop Record Distance for GPS, SMP and WIM sections should be 152.50 meters.
The distance to be entered for SPS sections are presented in section 2.4.2. If aGPS
section is profiled with aWIM section, distance should be set such that both sections are

covered.

The active photocell should be “Vertical Photocell”.

Once the above data items have been completed, operator should press “X” key to

advance to the next menu, which is Option Setup.

2.3.5.6 Options Setup

The following parameter settings should be used in the Options setup.

A> PROFILE INDEX TYPE - IRl

B> PROFILE INDEX WHEEL PATH . BOTH

C> PROFILE INDEX AVG INTERVAL ;30 (METERYS)
D> PROFILE INDEX SIM SPEED . 80 (KM/H)
E> INDEX FILE KEYBOARD EVENTS . DISABLE

[ AVGINTERVAL TYPE ;  FIXED

G> COMMENTS . NONE
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X> EXIT MENU

Enter LETTER Or Position And Press Enter - Press X to EXIT

Within each of the menu fields, the “Enter” key can be used to toggle between valuesin
order to select the appropriate parameter setting. Operator should pressthe “X” key to
go back to the Run Profile Menu.

2.3.5.7 Save Header Information

Information that was entered in the header file should be saved to a Header File. Select
“Store Header Information (G)” option from the following menu, and enter an eight digit
file name to save the header information. Next select option “ M” to save the header file
from RAM to hard disk.

A> SYSTEM SETUP

B> RUN IDENTIFICATION

C> RUN LOCATION

D> RUN CONDITIONS

E> RUN CONTROL

[ OPTION SETUP

G> STORE HEADER INFORMATION
H> RECALL HEADER INFORMATION

> PRINT HEADER INFORMATION
N> CREATE NEW HEADER
K> HELP

L> RUN PROFILE (DEFAULT.P1)
M> TRANSFER FROM RAM TO DISK
N> DISPLAY LAST RUN

o> DISK UTILITIES

X> EXIT

Enter LETTER or Position And Press Enter - Press X to EXIT
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2.3.5.8 Recall Header Information

Instead of going through the steps outlined above to generate a header file, an existing
header file can be recalled and modified. If this procedureis used, “Recall Header
Information” should be selected from the Run Profile Menu, and an existing header file
name should be typed. Operator should then go through menus described in Sections
2.3.5.1 through 2.3.5.6, make appropriate changes to header file relevant to section that is
being profiled.

2.3.6 Data Collection

The following steps should be followed for data collection.

1. About 600 m prior to the test section, select “Run Profile (A>)” from the main menu.

The following menu will be displayed:

A> SYSTEM SETUP

B> RUN IDENTIFICATION

C> RUN LOCATION

D> RUN CONDITIONS

E> RUN CONTROL

[ OPTION SETUP

G> STORE HEADER INFORMATION
H> RECALL HEADER INFORMATION
> PRINT HEADER INFORMATION
N> CREATE NEW HEADER

K> HELP

L> RUN PROFILE (DEFAULT.P1)
M> TRANSFER FROM RAM TO DISK
N> DISPLAY LAST RUN

o> DISK UTILITIES

X> EXIT

2. Invoke profile data collection program by selecting “Run Profile (L>)". A graphical
display of the left and right profilesis generated on the screen. This screen indicates
that Recording is“On” and Photo Alert is“Off”. Thefile name specified for data
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storage in the Run Identification Menu (section 2.3.5.2) as well as the vehicle speed
are also displayed on the screen.

. Driver should attain a constant test speed of 80 km/h at least 100 m before beginning
of test section and align the vehicle along the whed paths. As described in section
2.2.4.4, a speed lower than 80 km/h may be used depending on posted speed limit,
heavy traffic or safety considerations.

. Press Operator Pendent or keyboard space bar to arm photocell after passing the |lead
in stripe located before test section. The message “Photocell Alert On” and
“Recording On” will appear at the top of the graph on the screen.

. Once event mark is detected by photocell, the monitor display is erased and the
recorded profile starts at beginning of grid. If photocell is not triggered when event
mark is passed, clean the photocell and repeat the run and see if the photocell triggers.
If the photocell still fails to trigger, the operator should adjust the threshold control for
photocell and seeif photocell will trigger. If thisis not successful, operator should use
the lateral photocell. When the lateral photocell is used, operator will have to change
“Active Photocell” in “Run Control Method” to “Horizontal” prior to collecting data
(See section 2.3.5.5). Refer to section 2.2.4.5 for information regarding the use of the
lateral photocell.

. After the test section has been profiled, note any factors that could have affected the
profile data collection for that run in the Profilometer® Field Activity Report Form
(e.g., traffic, heavy winds).

. Once the computer gets out of the profile display mode, type any comments pertaining
to the run that could have affected profile data collection. (e.g., high traffic volumes,
heavy winds, damp pavement, test speed was less than 80 km/h) and then press
“Enter”.

. Oncethe driver stops the vehicle at a suitable location, the data can be saved on the
hard disk. This should be done after each run since the profile data stored in the virtual
memory can be lost if the power to the computer fails. Where the turn around
distances are relatively short, the operator may wait to transfer the datato the hard
disk until al runs have been completed. The data can be transferred from the RAM
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drive to the hard disk by selecting the option “ M (Transfer datafrom RAM to disk)”
from the Profile Run Menu (see menu at the beginning of section 2.3.5). The data will
be put in the directory specified in the Run Identification Menu (see section 2.3.5.2)
and copied to the specified filename.

9. Follow the procedures outlined in section 2.2.5 to obtain a set of acceptable runs at
the site.

10. Oncetesting at a site is completed make backup copies as outlined in section 2.2.4.8.

11. The operator should verify that the form “LTPP Profilometer Field Activity Report
Form” (see section 2.7.1) and "Status of the Regions Test Section” (see section 2.7.2)
arefilled before leaving the test site.

2.3.7 Data Backup
The profile data should be backed up following the procedures described in section
2.2.48.

24 TESTING SPSSECTIONS

2.4.1 General Background

This section describes field testing procedures to be followed when testing SPS sites
which are different than the procedures used for GPS sections. However, note that except
for the exceptions described in this section all other information presented in the earlier

sections of this manual are valid when SPS sites are being tested.

A SPS site consists of a number of test sections with a transition area between the
adjacent sections. During a Profilometer® run at a SPS site, profile data are collected for

the entire site, which includes test sections as well as transition areas.

2.4.2 Length of Test Sections
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Unlike GPS test sections which are always 152.4 m in length, the length of test sections at
an SPS project can vary. The operator may elect to break the SPS project into two
sections for profiling depending on location of test sections as well as turn around
locations. For example, if there is alarge transition distance between two groups of test
sections, and the turn around is located in the transition area, the operator may eect to

profile the SPS project as two sections.

The maximum section length that the PROQUAL software can processis limited to 9.99
km. Therefore, the maximum distance that can be profiled in one profiler run should not
exceed 9.99 km. If the length of a SPS project exceeds 9.99 km, that project should be
profiled as two separate sections, with the length of each section being less than 9.99 km.

2.4.3 Operating Speed

Guideines regarding operating speed described in section 2.2.4.4 should be followed
when testing SPS test sections. When SPS test sections are tested, the transition area
between the sections may be used to adjust vehicle speed to 80 km/h before next section
is tested. If thereis traffic in front of the Profilometer®, its speed can be initially decreased
in the transition section to give more headway between the vehiclein front. Thereafter, the
Profilometer® must be brought up to a constant speed of 80 km/h before entering next test

section.

2.4.4. Event Marks

Event marks are used to identify starting point of each test section within a SPS site. The
PROFSCAN program uses these event marks to compute the IRI of each test section. If
vertical photocell is not triggered during a profile run, lateral photocell should be used to
initiate data collection. Refer to section 2.2.4.5 for information related to the use of the
lateral photocell.
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2.4.5 Number of Runs

Five profiler runsin each test section within a SPS project must satisfy the acceptance
criteriadescribed in section 2.2.5.2. The PROFSCAN program is capable of computing
the IRI value of individual test sections within a SPS project by identifying test sections
using event marks. The procedure for doing this within PROFSCAN is described in
section 3 of the PROQUAL manual. © Operator should study IRI computed for each run
to ensure that repeatable data are obtained between runs. The procedure outlined in
section 2.2.5 should be followed in order to obtain an acceptable set of runs at a SPS

project.

2.4.6 Header Generation

The procedures outlined in section 2.3.5 for header generation for GPS test sections
should also be followed for SPS test sections. However, differences do exist for SPS

sections in the following menus.

1. System Setup (see section 2.3.5.1):
The System Setup Menu should indicate the parameters settings specified in section
2.3.5.1, except Graph Length and Graphics Scale. Graph Length refers to section length

that can be displayed on screen of monitor; default value is 400 meters, but this value can
be toggled to 800 or 1600 meters by pressing the “Enter” key. Depending on length of the
SPS project, an appropriate graph length should be selected. This option only affects data
that is displayed on screen and does not affect profile data collection or recording. For
long SPS projects entire length cannot be displayed in a single screen. For such sections,
after selected graph length is displayed, screen isreset and next part of profile is displayed.
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Graphics Scale refers to y-axis scale that is displayed on screen when collecting profile
data. A value of 50 mm should be sufficient for most roads. Rough roads may require a
greater value. To change graphics scale, position pointer over that menu option and press
the “Enter” key to toggle through available values. This option only affects data that is

displayed on the screen and does not affect profile data collection or data recording.

2. Run Identification (see section 2.3.5.2):

The procedures described in section 2.2.4.3 should be used to specify the output file name.
An appropriate Output File Directory should also be entered.

3. Run Control Method (see section 2.3.5.5):
The Run Control Menu should indicate the parameter settings specified in section 2.3.5.5,

except for Stop Record Distance. As for GPS sections, Stop Record Method for SPS
proj ects should be Distance. Operator should refer to site layout plans and obtain length
of SPS test sectionsto be tested. To guard against discrepancies between layout plans and
as-built sections the operator may add a distance such as 25 m to the distance obtained
from site layout plan. After selecting “distance’ as stop method in the Run Control Menu,
enter length to be profiled.

If operator is not certain about the length to be profiled, following procedure can be used
to obtain length of site. Operator should set Start Record Method to “photocell”, and
Stop Record Method to “pendant”, profile entire site and press Operator Pendant after
end of the last test section. Thetota profiled length is displayed on the screen. Data that
was collected should be discarded as the purpose of this run was to obtain the project
length. Operator should set the parameter settings in the Run Control Menu to those
shown in section 2.3.5.5, but change Stop Record Distance to project length obtained

using above described procedure.

If discrepancies between profiled length of the project and the test section layout diagram
are noted, the operator should use a measuring wheedl to record the correct layout of test
sections. The RCO should be informed of the discrepancy.

2-46



LTPP Manual for Profile Measurement, January 1999

2.4.7. Hardcopy of Profile

After collecting profile data, use “Display Data’ option from the K.J. Law off-line menu
or use PROQUAL to obtain a printout of profile data for one profiler run of the entire
SPS project. Regenerate profile data at 400 m intervals or appropriate interval if project is
longer and obtain a hardcopy of each screen. Compare the output of the left and right

profiles with the center profile to seeif center sensor is functioning correctly.

2.4.8 Data Backup

The data collected at SPS projects should be backed up using the procedures described in
section 2.2.4.8.

25 CALIBRATION

2.5.1 General Background

The infrared displacement sensors, accelerometers and the distance measurement system
should be calibrated monthly. However, the calibration of these equipment should be

done whenever problems are suspected.

The distance measuring system, infrared displacement sensors and the accelerometers
should be calibrated when tires are replaced, suspension repairs are performed or when
whedls are aligned. The infrared displacement sensors and accelerometers must be

calibrated whenever a sensor is moved or replaced.
The distance measuring system, infrared displacement sensors and the accelerometers

should be calibrated when repairs are performed on these components or to the data

acquisition system.
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The power to the eectronic equipment should be turned on for about 20 minutes prior to

performing any calibration so that the electronic equipment would warm up and stabilize.

2.5.2 Calibration of Infrared Sensors

The calibration procedure involves establishing an initial height reference and then
precisaly measuring the distance from the infrared sensors to calibration blocks whose

thickness are known.

Cdlibration of infrared sensors should be performed indoors and on alevel surface with the
engine turned off. A hand leve placed on the sensor bar can be used to check if the
surfaceislevel. The vehicle should be eevated 37.5 mm prior to performing the
calibration. Each whed of the vehicle should be placed on a piece of construction lumber
that is 37.5 mm in height to achieve this elevation. The four piecesof construction
lumber that are placed under the wheels should have the same height. External power
should be used during calibration. Operator should be outside vehicle when calibration is
performed. Operator should adjust computer monitor so that it can be seen from outside
the vehicle, and keyboard should be placed on floor of van. Do not enter vehicle, bounce
or bump vehicle, or lean on vehicle during calibration. To begin calibration process,

select “Calibration” from main menu. The following calibration menu will then be

displayed:
A> CALIBRATE IR SENSORS
B> DISPLAY IR SENSORS

C> CALIBRATE ACCELEROMETER
D> DISPLAY ACCELEROMETERS

E> CALIBRATE WHEEL PULSE ENCODER
[ ENTER CALIBRATION VALUES
G> STORE CALIBRATION VALUES
H> PRINT CALIBRATION VALUES

> DISK UTILITIES
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> HELP
X> EXIT

Enter Letter Or Position and Press Enter - Press X to EXIT

The following procedure should be followed to calibrate sensors.

1. Seect “Cdlibrate IR Sensors’ from menu to begin calibration. The following screen
will be displayed:

IFYOU WANT TO BEGIN THE 1ST STEP FOR CHECKING
THE CALIBRATION OF AN IR SENSOR PRESS ENTER NOW

A> Begin Calibration Check C Exit

2. Pressthe “Enter” key and the following menu will be displayed.

STEP1 STEP 2 STEP3 STEP4
CALTYPE1

STEP 1: SELECT THE TYPE OF CALIBRATION TEST DESIRED

#BLOCKS THICKNESS
A>1) 3BLOCKS 25 MILLIMETERS
X>2) 5 BLOCKS 25 MILLIMETERS

3. Thethree blocks calibration should be used for calibrating sensors. Select “A” to
perform the three blocks calibration. The following menu will then be displayed;
Select “Y” to proceed.

STEP1 STEP 2 STEP3 STEP4
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CALTYPE1

STEP 1: SELECT THE TYPE OF CALIBRATION TEST DESIRED

#BLOCKS THICKNESS
A> 1) 3BLOCKS 25 MILLIMETERS
X>2) 5 BLOCKS 25 MILLIMETERS

DO YOU WANT TO GO ON TO CALIBRATION STEP 2: (Y/N) ?
4. Thefollowing menu will then be displayed. Press space bar to select infrared sensor to
be calibrated. Pressing space bar will toggle users through the left, right and center

sensor. Once desired sensor is selected, press the “Enter” key to proceed.

STEP1 STEP 2 STEP3 STEP4
CALTYPE1

STEP2: ENTER THE SENSOR THAT YOU WANT TO CALIBRATE
PRESS SPACE BAR TO ADVANCE TO SENSOR DESIRED

THEN PRESS ENTER
SENSOR = LEFT

The following prompt will then be displayed; select “Y” to proceed.

DO YOU WANT TO GO ON TO CALIBRATION STEP3Y/N

5. Thefollowing screen will then appear.

STEP1 STEP 2 STEP3 STEP4
CAL TYPE 1 LEFT
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STEP 3: ALIGN THE CALIBRATION PLATFORM UNDER THE SENSOR
PRESS LETTER “H” TO TAKE THE BASE HEIGHT READING

At this stage, place leveling platform below sensor that is being calibrated (left sensor for
this example). The leveling plate should be placed such that infrared light is at center of
plate. Infrared light should be viewed using the infrared sensitive card, which will show
five dots of light. Leveling platform should be positioned such that dots are near center
of leveling platform. On asunny day it is difficult to observe the location of the dots using
theinfrared sensitive card. Therefore, it is recommended that the operator note the exact
position of the dots when the base plateis at a specified position in relation to the sensor
bar by viewing the dots under ideal conditions. The leveling platform has a built-in
circular level and three adjusting knobs; level platform using these knobs. Place steel
calibration plate on top of leveling platform such that its position or level is not disturbed.
On completion, pressthe “H” key to record base height.

6. The base height from step 5 will appear on the screen as shown below (value of 280 is

assumed for this example); press“Y™” to proceed.

STEP1 STEP 2 STEP3 STEP4
CAL TYPE 1 LEFT BASE = 280.00

STEP3: ALIGN THE CALIBRATION PLATFORM UNDER THE SENSOR
PRESSLETTER ‘H’ TO TAKE THE BASE HEIGHT READING

THE BASE HEIGHT READING HAS BEEN RECORDED.

ENTER THE ACTUAL MEASURED BASE HEIGHT = 280.00
DO YOU WANT TO GO ON TO CALIBRATION STEP 4: (Y/N) ?

7. Next, the following screen will be displayed.
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STEP1 STEP 2 STEP3 STEP4
CAL TYPE 1 LEFT BASE = 280.00BLOCK 1

STEP 4: PUT CALIBRATION BLOCK #1 UNDER THE SENSOR
PRESS THE “F1” KEY TO TAKE HEIGHT READING # 1

Place calibration block in center of leveling platform with 25 mm side in vertical
position. Useinfrared sensitive card to view location of infrared dots when placing
block. Place calibration plate on top of calibration block such that it is centered on top
of block. Press“F1” key to record height reading. The following menu will then be
displayed (value of H1 is assumed for this example); select “Y” to proceed.

STEP1 STEP 2 STEP3 STEP4
CALTYPE1 LEFT BASE =280.00 BLOCK 1
H1 = 24.683

STEP4: PUT CALIBRATION BLOCK #1 UNDER THE SENSOR
PRESS THE “F1” KEY TO TAKE HEIGHT READING # 1
HEIGHT READING # 1 HAS BEEN RECORDED
DO YOU WANT TO GO ON TO THE NEXT STEP: (Y/N) ?

8. After “Y” issdected, the following screen is displayed:

STEP1 STEP 2 STEP3 STEP4
CALTYPE1 LEFT BASE =280.00 BLOCK 2
H1 = 24.683
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STEP4: PUT CALIBRATION BLOCK #2 UNDER THE SENSOR
PRESS THE “F2" KEY TO TAKE HEIGHT READING # 2

Place calibration block on leveling platform such that 50 mm side of calibration block
isvertical. Observe position of infrared dots when placing block to make sure that
they are at center of vertically placed block. Place calibration plate on top of block
such that it is centered on top of block, and then pressthe “F2” key. Thiswill lead to

the following screen (value of H2 is assumed for this example); press “Y” to proceed.

STEP1 STEP 2 STEP3 STEP4
CALTYPE1 LEFT BASE =280.00 BLOCK 2
H1 = 24.683 H2 = 49.692

STEP 4: PUT CALIBRATION BLOCK #2 UNDER THE SENSOR
PRESS THE ‘F2' KEY TO TAKE HEIGHT READING # 2
HEIGHT READING # 2 HAS BEEN RECORDED
DO YOU WANT TO GO ON TO THE NEXT STEP: (Y/N)?

9. The following menu will then be displayed.

STEP1 STEP 2 STEP3 STEP4
CALTYPE1 LEFT BASE =280.00 BLOCK 3
H1 = 24.683 H2 = 49.692

STEP4: PUT CALIBRATION BLOCK #3 UNDER THE SENSOR
PRESS THE ‘F3' KEY TO TAKE HEIGHT READING # 3
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Place calibration block on leveling platform such that 75 mm side of calibration block
isvertical. Observe position of infrared dots when placing block to make sure that
they are at center of vertically placed block. Place calibration plate on top of block
such that it is centered on top of block, and then pressthe “F3” key. The following
screen will then be displayed (for this example H3 is assumed to be 74.534); press
“Y” to proceed.

STEP1 STEP 2 STEP3 STEP4

CALTYPE1 LEFT BASE =280.00 BLOCK 3

H1 = 24.683 H2=49.692 H3=74.534

STEP 4: PUT CALIBRATION BLOCK #3 UNDER THE SENSOR

PRESS THE ‘F3' KEY TO TAKE HEIGHT READING # 3
HEIGHT READING # 3 HAS BEEN RECORDED
DO YOU WANT TO GO ON TO THE NEXT STEP: (Y/N)?

10. Press“N” in the next screen (see below) to proceed.

STEP1 STEP2 STEP3 STEP4
CALTYPE1 LEFT BASE =280.00 BLOCK 3
H1 = 24.683 H2=49.692 H3=74.534

STEP5: YOU HAVE NOW COMPLETED THE CALIBRATION CHECK
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DO YOU WANT TO REPEAT ANY STEPS (Y/N) ?

11. The following screen is displayed (numbers are for this example); press “Y” to

proceed.

SAMPLES ACTUAL ERROR

1=24.683 25.00 -0.317
2=48.692 50.00 - 0.308
3=74534 75.00 - 0.468

DO YOU WISH TO CALIBRATE (Y/N) ?

After pressing “Y” the following screen is displayed (Range, Variance, Gain 2, Offset
and Total p-p values shown are only examples). Record the measured heights of
blocks that are indicated on screen ( 24.683, 48.692, and 74.534 for this example) in
the Sensor Calibration Log (see Appendix I).

SAMPLES ACTUAL ERROR
1=24.683 25.00 -0.317
2=48.692 50.00 - 0.308
3=74.534 75.00 - 0.468

Range = - 1.8580
Variance = 0.017274
Gain 2 = -1.8600
Offset = 3424.0
Tota p-p = 0.0691
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If Total p-p reading is greater than 0.007, repeat calibration process. If Total p-p

valueisless than 0.007, sensors have been correctly calibrated.

12. Repeat calibration test for other two sensors; follow steps 1 through 11 for each of

them.

13. Go back to calibration menu, and the following screen will be displayed:

A>
B>

C>
D>

E>

-~
G>
H>

>
>
X>

CALIBRATE IR SENSORS
DISPLAY IR SENSORS

CALIBRATE ACCELEROMETER
DISPLAY ACCELEROMETERS

CALIBRATE WHEEL PULSE ENCODER

ENTER CALIBRATION VALUES
STORE CALIBRATION VALUES
PRINT CALIBRATION VALUES

DISK UTILITIES
HELP
EXIT

Enter Letter Or Position and Press Enter - Press X to EXIT

Sdlect “Display IR Sensors’ from above menu. Sensor readings will be showed both
numerically and graphically. Theinformation displayed can be used to verify that

sensors are operating properly. Any excessive noise in the measuring system will be

indicated by large variations in one or more of sensor readings.

14. Select “Store Calibration Vaues’ from calibration menu to store calibration factors.

For Calibration comment, enter location where calibration was performed. Obtain a

printout of calibration factors.
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2.5.3 Calibration of Accelerometers

Accelerometers have a built in calibration system which alows them to be calibrated
electronically. Their calibration should be performed indoors with vehicle on alevel
surface and engine turned off. A hand level placed on the sensor bar can be used to check
if the sensor bar islevel. Thelocation should be free of any vibrations. External power
should be used during calibration. Operator should be outside of vehicle w